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© Steam reforming catalyst for hydrocarbon and method for manufacturing the same. 

m the steam reforming catalyst for hydrocarbon according to the present invention, catalyst metal is 
El£ o TlnTSTSSce layer of zirconia carrier containing yttria and having crystal str ucture pnman* 
coSno of ZuaooL system or tetragonal and cubic systems. Compared with conventual type steam 
S^ciS^ W9»»r reac^etftciency and suppresses carbon 

steam/carbon ratio is low and exhibits higher hydrogen generation effic.ency and h.gher catalyst strength. 
Particularly it is suitable as a catalyst for internal reforming type fuel ceil. ltf: ,;^H h „ 

^te^ «^"B catalysi of hydrocarbon of this invention, metal catalyst can be effectively utilized by 
supporting metal catalyst only on surface layer of zirconia earner. 
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STEAM REFORMING CATALYST FOR HYDROCARBON AND METHOD FOR MANUFACTURING THE SAME 



BACKGROUND OF THE INVENTION 



5 The present Invention relates to a reforming catalyst for hydrocarbon, and in particular to a steam 
reforming catalyst for hydrocarbon for the improvement of steam reforming catalyst in oil refinery and 
steam reforming catalyst for fuel cell by providing longer life through suppression of carbon deposition and 
by effectively utilizing catalytic.components, particularly, noble metal components. . . _ . .. 

The steam reforming for hydrocarbon is a method to manufacture gas consisting of hydrogen and 

io carbon oxides by bringing hydrocarbon and steam in contact with catalyst As the typical steam reforming 
catalysts known in the past, there are alumina type carrier containing alkaline metal oxide, alkaline earth 
metal oxide and silica, supporting nickel. Iron, cobalt, platinum, rhodium, -ruthenium, palladium, etc. 
(Japanese Provisional Patent Publication No. 50-126005 and Japanese Provisional Patent Publication No. 
61-280554). 

75 It has been also reported that the catalyst having nickel, cobalt or ruthenium supported on zirconia 
carrier have also excellent characteristics as the catalyst of this type (Japanese Patent Publication No. 43- 
12410; T. Igarashi et al.: "Steam Reforming Reaction of n-Butane on Rh/Zr02 n ; 58th Catalyst Symposium 
(A), 4B12, pp. 176-177, etc.). 

There is also a more recent report, describing that zirconia supporting rhodium exhibits excellent 
20 performance in steam reforming reaction for hydrocarbon. (T. Ohtaka et al.: "n-Butane-Steam Reaction on 
Rh/Zr0 2 Catalyst added with a Third Component; 62nd Catalyst Symposium, 3B305, pp. 118 - 119.). 

Also, noble metal catalyst is supported on surface layer of catalyst carrier such as alumina, silica, 
zirconia, etc. (Japanese Provisional Patent Publication No. 53-78735 and Japanese Provisional Patent 
Publication No. 48-53980). 

25 On the other hand, steam reforming catalyst has been widely used for industrial application in the 
reforming of petroleum and petroleum distillate, etc. It has been proposed recently to use fuel cell with 
hydrocarbon as raw material instead of the so-called fuel gas containing hydrogen or hydrogen and carbon 
monoxide by furnishing steam reforming catalyst within fuel cell (Japanese Provisional Patent Publication 
No. 61-260554). 

30 The conventional type catalyst of alumina supporting nickel, cobalt, etc. can be successfully used for 
steam reforing of gaseous or light paraffin when steam/carbon (carbon in raw material hydrocarbon) mol 
ratio (S/C) is small, whereas it is inadequate because coking occurs when the raw material containing large 
quantity of unsaturated hydrocarbon such as olefin or the raw material with relatively large molecular weight 
such as heavy hydrocarbon are used. When coking occurs, differential pressure of catalyst bed increases 

35 and reaction efficiency is decreased, finally blocking the catalyst bed. For this reason, the coking should be 
suppressed by increasing the steam/carbon ratio, while there arises the problem that excess steam is 
required for reaction. 

Also, the increase of differential pressure of catalyst bed raises the load of the system. If catalyst bed is 
blocked, catalyst must be replaced or regenerated. This leads to temporary suspension of reaction, and 
40 more complicated apparatus is needed if catalyst is to be replaced or regenerated without stopping the 
reaction. Above all, in the internal reforming type fuel cell, the replacement or the regeneration of catalyst 
means more difficulties, and it is desirable to suppress the coking of catalyst as practical as possible. 

It is naturally preferable that the reaction efficiency in steam reforming is high, and the efficiency of the 
cell itself is an important key for practical application of fuel cell. Thus, high efficiency of steam reforming of 
45 the catalyst furnished in fuel cell is very important. 

The first feature of the present invention is to offer a steam reforming catalyst for hydrocarbons with 
excellent mechanical strength, causing no coking and providing longer life of catalyst 

The second featrue of the invention is to offer a steam reforming catalyst for fuel cell with high steam 
reforming efficiency and with no coking. 
so Further, the third feature of the invention is to offer a steam reforming catalyst of hydrocarbons for 
effective utilization of catalyst metal and a method for manufacturing the same. 

SUMMARY OF THE INVENTION 
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The steam reforming catalyst for hydrocarbon according to the present m ^ 0 ^^'^^ 
catalyst metal is supported on zirconia carrier containing yttrta and having crystal structure primarily of 
tetragonal system or tetragonal and cubic systems. - ata iwet 
Also the steam reforming catalyst for hydrocarbon of this invention .s charactenzed in that catalyst 
metaTS* ciieTTn "uTceV of zirconia carrier containing yttria and having crysta. structure of 

^^z^ 9 ^!^^ « of f ws inve " d ^ b re 

steam reforming catalyst performance than the conventional type steam reform.ng catalyst and I is ; more 
?Z?£%?*~m reforming cata.yst for fuel cell because catalyst mete, is supported on -conia -rner 
which contains yttria and has crystal structure primarily consisting of tetragonal system or tetragonal and 

" b Te S Cl S . or cubic zinnia containing small quantity of yttria is known as the partW st^iHzed 
zirconia and has high oxygen ionic conductivity, and it is estimated that this may be related to the activation 

suppression effect can be provided by using zirconia carrier containing yttna by 0.5 to 20 mol A and 
havina the crystal structure with tetragonal system at least by 35% or more. 

AccoS to the present invention, the steam reforming catalyst having high reaction efficiency ^ good 
^^ suppression effect and high hydrogen generation efficiency even when ^steam/carbon ra*o is low can 
S obtained Because this catalyst is stable to alkaline metal salt, it is suitable as a catalyst for an mtemal 

SormTna tv'oeS^ „ t - , 

ZZZl^Zng catalyst to hydrocarbon of this invention, metal cata.yst can be effectively 

„tiii 7 «ri hacause metal catalyst is supported only on surface layer of zirconia carrier. 

in iTSE ^ ing noble J2 as metal catalyst component, higher selectivity of reform^ . reaction 
« a „ri ^e LtSr efflct to suppress carbon generation can be obtained compared w.th conventional type 
" Sorm^ metal catalyst can be effectively utilized, and steam reformmg catalyst 

for hydrocarbon with high mechanical strength can be obtained. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram to show the change of the component elution in the molten carbonate of the catalyst 
35 F^tTdSgram to show the change of the component elution in the molten carbonate of a 
RgTS* a^agrtmio explain the measurement results by X-ray microanalyzer on the catalyst A of this 
ST?"* ^agram to explain the measurement results by X-ray microanalyzer on a comparative catalyst 

40 X. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the following, description is given in detail on the steam reforming catalyst for hydrocarbon and the 

.. ^ [^^^2^:^^ after the mixture of yttrium compound and 
zircon Jm coZound in the predetermined ratio are calcined. The mixture of yttnum compound and 
z£on urn compound can be manufactured by alkoxide hydrolytic method or by therma ^compositjon 
so meThod using yttrium chloride (YCI 3 ) and zirconium oxychloride (ZrOC 2 ) as raw materials, whereas the 
memod to us'e ammonia water and to neutral by coprecioitation is suitable for. obtaining *e ^ 
uniform composition and good particle property. When coprecipitation method is used, the deposited 
mixture is to be calcined after washing and drying. inmn , 
Yttria content in the catalyst composition is preferably 0.5 - 20 mol %. or more preferably 1.0 - 10 1 mo 
« 0/ Ir sttlf more preferably 1.5 - 6 mol %. If yttria content is higher than this, mechanical strength of 
Xst i" icreaied TyVia content is lower than the above quantity, mechanical strength becomes 

inSU ThTre^ carrier confining yttiia has primarily tetragonal crysta. structure 
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under the temperature condition for catalyst calcining and r forming reaction (about 600 - 1000* C) and that, 
if yttria content is lower than 0.5 moi %, the ratio of monoclinic system increases. If it exceeds 20 mol %. 
the ratio of cubic system increases. 

In other words, it has been found by this invention that, if monoclinic and cubic systems increase in 

5 crystal structure of zirconia carrier, mechanical strength is decreased. In the temperature range for 
preparation of catalyst or for steam reforming reaction, it is necessary that at least 35% or more of the 
crystal structure consisting of cubic and tetragonal systems is tetragonal system. In the zirconia carrier of 
this invention, the ratio of tetragonal system is preferably 98 - 35%, or more preferably, 90 - 50%. The 
more tetragonal system is contained, the higher the mechanical strength is increased. 

w As the catalyst metal component to be supported on the zirconia carrier containing yttria, noble metal 
components such as rhodium, ruthenium, palladium, platinum, etc. and normal reforming catalyst compo- 
nents such as i nickel; cobalt iroh. etc. may be used. 

There is no restriction to the quantity of catalyst metal supported on zirconia carrier containing yttria, 
whereas it is preferably contained by 0.01 - 10 wt % to total weight of the carrier and metal, or mor 

;s preferably by 0.1 - 3 wt %. If catalyst metal quantity is too much, it is not economical. On the other hand, if 
catalyst metal quantity is too little, the activity is lowered, and the reforming of hydrocarbon may be 
insufficient. 

The zirconia carrier containing yttria used in the present invention is generally in cylindrical, ring or 
granular shape, but it is not necessarily limited to such shape. It may be fibrous or may be of 3-dimensional 
20 structure, or it may be used as complex structure with the other carrier. As the internal reforming catalyst, 
granular carrier with small particle size is preferable. 

The method tosupport catalyst metal on zirconia carrier containing yttria can be performed by usual 
procedure, and the impregnation procedure is normally adopted. It is preferable to adopt the impregnation 
procedure tosupport catalyst metal only on surface layer of zirconia carrier containing yttria. 
25 "To adsorb the catalyst metal component only on external surface of the carrier, it is necessary to select 
a solvent having lower affinity to catalyst metal component than to carrier, suppressing the affinity to carrier 
adequately. Namely, the above purpose is attained by using a specific organic solvent not to make catalyst 
metal penetrate into the carrier. 

The solvents suitable for surface supporting of catalyst metal salt on zirconia carrier containing yttria are 
30 the ketones such as acetone, methylethylketone, diethylketone, etc., the alcohols such as methanol, ethanol, 
etc., the acetic acid compounds such as acetic acid, methyl acetate, ethyl acetate, etc.. and the ethers such 
as diethyl ether. Further, the mixed solvent of the above organic solvent with the other solvent such as 
water, hydrocarbon, etc. may be used. Water can be used up to 50% in the mixed solvent. It is not 
desirable to use water too much because catalyst metal component is penetrated into the carrier. 
35 When catalyst metal is supported only on surface layer of the carrier, the effect of this invention is 
provided most extensively in case catalyst metal component is rhodium, ruthenium, palladium, platinum or 
the noble metal catalyst composed of the mixture of these substances. 

Particularly, rhodium or ruthenium is most desirable in the combination with zirconia carrier containing 
yttria according to this invention. As noble metal compound, ruthenium chloride (RuCfe* 3H2O), ruthenium 
40. red (Ru2(OH)2CU*7NH3 " 3H 2 0), etc. may be used. These compounds are preferably dissolved in the 
above solvent by 0.05 - 5%, or more preferably, by 0.1 - 2%. Naturally, catalyst metal component is not 
limited to noble metal catalyst, and it may be normal catalyst metal such as nickel, iron, cobalt, etc. which 
have been used as steam reforming catalyst in the past. 

To adsorb the catalyst metal salt on catalyst carrier using the metal salt solution thus prepared, catalyst 
45 carrier should be placed and immersed in metal solution. The ratio of the quantity of the solution to the 
quantity of carrier is preferably 1:1 to 50:1 in the weight ratio, or more preferably, 3:1 to 10:1. The 
immersion time is preferably 1 minute to 24 hours. 

To adsorb catalyst metal salt only on surface layer of the catalyst carrier, the solution concentration, the 
quantity of the solution, the immersion time, etc. exert influence. By adequate combination of these factors, 
50 it can be adsorbed only on surface layer, and this can be easily confirmed by X-ray microanalyzer. 

By immersing catalyst carrier into metal salt solution and by drying it thereafter, the catalyst of this 
invention can be obtained, it can be used for the reforming reaction after hydrogen reduction. 

The steam reforming reaction of hydrocarbon is given by the following reaction formulae: 
CmHn + mH 2 0 — mCO + (§ + m)H2 
55 CH4 + H 2 0 — CO + 3H 2 

CO + H 2 0 - CO2 + H 2 . 
where 

m: about 1 to 20 
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" 'TaiJZ reaction temperature is 300 - 1000' C. while the temperature of 700'C or lower may be 
suitable because coking is difficult to occur in the catalyst of this 2 

The reaction pressure is about 0.01 - 50 kgWG. or more preferably about OA- 30 ^ 

From the viewpoint of productivity, it is preferable that the steam/carbon mol rate , (S/C ) is smaller, 
while to avoid theToblem of coking, it is preferably 1.2 or more, or more preferably. 14 or more . 

As * e raw materials to be used for steam reforming reaction, there are. for example the gas contammg 
,ight hydrocSZ such as LNG or LPG. petroleum disti.late such as naphtha kerosene, e c. or 
such as coal-liquefied oil. particularly, hydrocarbon with relatively lower molecular weight (C, to C*o) may 
,o be used"! pTeSle raw maLia. gas consists of hydrocarbon only, whereas the -^J^^J 
mav contained in trace quantity. Sulfur compounds as the different component .s contained preferably 
b 0 Tpp^ess in c'e'aw materia, is naphtha. Kerosene normally contains sulfur compound by -at out 
5u ppm Tthis is used as raw. material, it is desirable to use it after it ,s removed to less than 0.5 ppm. 
Hydrodesulfurization is adopted as the removal means. n ftn or or more 

Further the specific gravity of hydrocarbon used as raw matenal is preferably 0.80 or less, or more 
preferably oS oMess C/H weight ratio of such hydrocarbon is preferably 6.5 or less, or more preferably. 

^^Becie the catalyst of this invention has high reforming (conversion) efficiency and high effect to 

AsTwn. be explained in the embodiments later, the catalyst according to this invenbon s Mbtato 
.LnnahL a nd it is oarticu.arly useful for the application on internal reform.ng type fuel cell. It is desirable 
to arrange £<£5£Crto £ internal reforming type fuel cel. in anode side fue. gas passage of each 

25 cell or between stacked cells. 

In the following, the features of the invention are described by the embodiments: 
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(Embodiment 1) 

h^h B7r2cinina this at 500* C for one hour, a catalyst containing 0.5 wt % rhodium was obtained. 
^ Het'it is nZ^ ^caWsts using tetragonal zirconia containing 3 mo. % and 8 mol % yttna 
as carrier are the catalyst A and the catalyst B respectively. 



40 Reaction test 

As hydrocarbon material, desuifurized light naphtha (specific gravity -0.702; <™Z*#^ BJ %^ 
content 50 ppb or less) was used. Reaction was performed at 650 C and 0.2 kg/cm*G. changing 
Sam/carbon mol ratio (S/C) and material supply spatial velocity (GHSV) as follows: 

45 S/C mol ratio: 3 - 1 .5 

^Zl^ci^ucXs were quantitatively analyzed by gas chromatography. The results are shown in 

Tab Herl a no d n?conversion ratio is the ratio of non-conversion (residua, ratio) of hydrocarbon of C 2 or higher 
so to the raw material hydrocarbon. 

(Comparative example 1) 

55 For comparison purpose, the above reaction test was repeated, using the steam reforming catalysts X. 
Y and Z commercially available for naphtha. The results are also shown in Tables 1 and 2. 
The catalysis X. Y and Z have the following compositions: 
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Commercial catalysts 




(wt %) 




Components 


X 


Y 


Z 


Ni 


11.1 


162 


15.6 


AfeOa 


88.9 


24.7 


25.7 


MgO 




10.7 


11.9 


CaO 




19.3 


16.1 


K 2 0 




6.7 


6.2 


Si0 2 




19.0 


13.6 



In the same procedure to support rhodium on zirconia carrier containing yttria, rhodium was supported 
15 on zirconia not containing yttria to prepare the catalyst P, and the above reaction test was repeated. The 
results are also shown in Tables 1 and 2. 



Table 1 



25 



30 



40 



Material supply 
spatial velocity 


Catalyst 


H 2 


CO 


C0 2 


CH 4 


c 2 


Ca 




c 5 


Non-conversion 
ratio 


AP 


8000 


A 


66.27 


12.63 


13.92 


5.30 










0.00 


No increase 


B 


66.39 


12.71 


13.52 


5.52 










0.00 




P 


63.97 


14.12 


12.41 


7.20 








0.003 


0.05 




X 


69.31 


10.09 


15.43 


3.20 








0.007 


0.12 




Y 


67.84 


11.29 


14.08 


3.26 










• 0.00 


■t 


Z 


66.77 


10.88 


13.49 


375 










0.00 




12000 


A 


67.52 


11.27 


14.88 


4.31 










0.00 




B 


66.18 


11.87 


14.38 


5.91 










0.00 


n 


P 


62.83 


1328 


13.47 


8.87 








0.03 


0.42 


11 


X 


69.36 


8.97 


16.43 


2.47 


0.07 


0.05 


0.03 


0.14 


3.76 


11 


Y 


68.05 


10.59 


14.86 


3.76 








0.03 


0.51 




Z 


67.39 


11.14 


13.72 


5.18 


0.02 






0.04 


0.79 


n 


Reaction temperature: 650* C; 


S/C = 3.0; 


AP is the pressure drop through catalyst bed 
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Table 2 



T5 



20 



s/c 


Catalyst 


H 2 


CO 


C0 2 


CH4 


C2 


C 3 




Cs 


Non-conversion 
ratio 


AP 


2.5 


A 


67.98 


9.25 


16.03 


4.44 




0.004 




0.02 


0.38 


No increase 


B 


65.01 


13.64 


12.62 


7.13 


- 




• 




0.00 


No increase 


P 


63.82 


14.17 


12.67 


7.01 


- 


0.006 


- 


0.02 


0.45 


No increase 


X t Z 


Complete blocking 


Y 


67.66 


12.28 


"13.98 


4.67 


0.005 


- 


- 


0.03 


0.43 


No increase 


2.0 


A 


66.64 


9.91 


16.12 


6.12 




0.007 




0.02 


0.44 


No increase 


B 


59.88 


15.66 


11.50 


11.99 






0.015 




0.15 


No increase 


P 


61.59 


15.94 


10.46 


13.57 




0.01 




0.04 


0.70 


No increase 


X, Z 


Complete blocking 


Y 


63.70 


14.07 


12.27 


6.93 


0.02 






0.04 


0.72 


No increase 


1.5 


A 


62.58 


10.54 


15.21 


9.41 


0.09 


0.03 




0.08 


1.90 


No increase 


B 


56.36 


16.59 


10.42 


14.60 


0.005 






0.02 


0.23 


No increase 


P 






Increase 


Y 




Increase 


Rea< 


^tion temp 


Derature: 650° C 


Spatial velocity : 8.000 



Referring to Tables 1 and 2, by the catalysts A and B, which are the embodiments of this invention, 
conversion ratio is increased when material supply spatial velocity is increased compared with Ni/Al 2 0 3 
type catalyst (catalyst X) and Ni composite oxide type catalysts (Y and Z). When S/C is decreased the 
pressure drop through catalyst bed is not increased or catalyst bed is not blocked. Also, compared with 
Rh/Zr0 2 type catalyst (catalyst P), H 2 /C (efficiency to generate H 2 , which is the fuel of fuel cell) is 
increased. 



40 (Embodiment 2) 

The catalyst A prepared in the embodiment 1 (rhodium supported on zirconia containing 3 mol % yttria) 
was pulverized into the pieces of 8 - 16 mesh, and 4.6 g of this was weighed and was immersed in 70 g of 
the molten carbonate (Li/K = 62/38) at 650" C. 
45 Then, the elution quantity of the catalyst component after 2, 4 and 7 days was measured. The results 
are shown in Fig. 1 . 

It is evident from the figure that zirconia was not eluted almost at ail, and yttria was eluted slightly, i.e. 
about 25 ppm on 7th day. This reveals that catallyst A is stable to the molten carbonate. 

50 

(Comparative example 2) 

The catalyst Y in the comparative example 1 (nickel supported on composite oxide) was pulverized in 
the same procedure as in the embodiment 2, and 5.0 g of this was weighed- Then, this was imm rsed in 
55 molten carbonate in the same procedure as in the embodiment 2. and the elution quantity of catalyst 
component was determined. 

The results are given in Fig. 2. It is evident from the figure that alkaline earth metal was eluted to 
considerable extent. Mg was eluted by 26% of the total quantity, and Ca by 59%. 

7 
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(Embodiment 3) 

By the same procedure as in the embodiment 1. tetragonal zirconia catalyst carrier (powdery) 
containing 3 mol % of yttria was prepared. Then. 12.0 g of it was immersed in aqueous solution of 
s ruthenium chloride, and it was then boiled and impregnated. By repeating impregnation twice. 0.5 wt % 
(catalyst standard) of ruthenium was supported on the zirconia containing yttria. After this was dried at 
120 " C. it was calcined at 500 " C for 2 hours. 

Using this catalyst, the same reaction test as described in the embodiment 1 was performed, except 
that QHSV was changed to 8,000 and S/C to 3 - 1 .5. The results are sown in Table 3. 

10 

Table 3 



S/C 


H 2 


CO 


C0 2 


CH 4 


C 2 


c 3 


c* 


Cs 


Non-conversion 
ratio 


AP 


3.0 


68.58 


11.20 


14.61 


3.36 










0.00 


No increase 


2.0 


62.34 


14.55 


12.21 


8.57 


0.007 


0.002 




0.024 


0.39 


No increase 


1.5 


58.58 


16.09 


10.37 


11.36 


0.034 


0.007 




0.058 


0.99 


No increase 


Reaction temperature: 600* C 


Spatial velocity : 8.000 



The results in Table 3 reveal that the catalyst of this invention has higher reaction efficiency, 
suppresses carbon deposition and exhibits higher hydrogen generation efficiency even when ruthenium was 
used as catalyst metal. 

(Embodiment 4) 



(1) Preparation of the catalyst C of this invention 

To the solution of 0.13 g of ruthenium chloride (RuCl3 # 3H a O) dissolved in 50 ml of acetone, 25 g of 
commercial tetragonal zirconia carrier containing 3 mol % yttria (5 mm<£ x 3 mm) (Trade name T2-3YB; 
Toso Co., Ltd.) was added, and ruthenium compound was completely adsorbed. After the solvent was 
removed, it was dried at 100°C for 3 hours, and the catalyst of this invention was obtained. When this 
catalyst was analyzed by X-ray micro-analyzer, 99% of ruthenium was supported on the portion 0.3 mm 
from the surface as shown in Fig. 1 . 



(2) Preparation of the catalyst D 

The catalyst D was prepared in the same procedure as in the above (1), except that, instead of acetone 
solution of ruthenium, the solution of 0.25 g of ruthenium (RuCI*3H 2 0) in 50 ml of water was used. When 
this catalyst was analyzed by X-ray microanalyzer, ruthenium was carried uniformly deep into the catalyst 
as shown in Fig. 2, and it was evidently different from the catalyst C of the present invention. 



(3) Catalyst E (nickel catalyst) 

Of the commercial steam reforming catalyst for naphtha, the catalyst with the highest anti-coking 
property was used as a comparative catalyst E. 
The composition (wt %) was: 
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Ni 


16.2 


Al 2 0 3 


24.7 


MgO 


10.7 


CaO 


19.3 


K 2 0 


67 


Si02 


19.0 



»o This catalyst was uniformly impregnated. 



(Steam reforming reaction activity) 

Into each reaction tube. 1.2 cc each of the above catalysts C, D and E was filled, and these were 
reduced in hydrogen atmosphere at 788* C. Using desulfurized light naphtha (specific gravity 0.70; C/H 
weight ratio 5.52; sulfur component 50 ppb) as hydrocarbon material, reaction was performed at 650 C (at 
reaction tube outlet), and 0.2 kg/cm 2 G. steam/carbon (S/C) mol ratio of 1.5 and material supply spatial 
velocity (GHSV) of 8.000 h -1 . The results are given in the table below. 



Catalyst 


Composition of produced gas (vol %, dry 
base) 


H 2 


CO 


C0 2 


CH* 


C2 - 
C5 


C 


5975 


17.40 


10.54 


10.87 




D 


59.96 


18.58 


10.94 


1073 




E 


Data not collectable due to AP increase in the 
catalyst bed 



As it is evident from this table, the catalyst of this invention shows the same reforming activity as that of 
35 the catalyst D uniformly supported by catalyst metal using aqueous solution of ruthenium chloride and also 
exhibits the better reactivity and anti-coking property (coking suppressive effect) than the conventional type 
uniformly supported nickel catalyst E. 



-*o (Embodiment 5) 

Zirconium hydroxide was processed by pressure molding into cylindrical shape with diameter 5 mm 
and height 5 mm and was calcined for 3 hours at 1000* C. Then, ruthenium was supported on the surface 
by 0.5 wt % by the same procedure as in the catalyst C of this invention in the embodiment 4. and the 

« catalyst F not containing yttrium was obtained. 

Further, the hydroxide mixture containing yttria of 3 mol % and 8 mol %. which was obtained by co- 
precipitation from zirconium oxychloride (ZrOCI 2 ) and yttrium chloride (YCI 3 ), was molded and calcined by 
the same procedure as in the above catalyst F. By the same procedure as in the catalyst C of the 
embodiment 4. 0.5 wt % of ruthenium was supported on it. and the catalysts Q and H were prepared. 

so The catalysts F. G and H were analyzed by X-ray diffraction analysis and the crystal phase was 
quantitatively analyzed by Rietbelt method (Journal of the Japan Crystallography Association Vol. 27, p. 23. 
1985). The results are given in the table below. 
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Yttria 
content 


Tetragonal 


Cubic 


(mol %) 


(%) 


{%) 


Catalyst F 


0 


Mostly monoclinic 


Catalyst G 


3 


85.7 


14.3 


Catalyst H 


8 


43-5 


56.5 



(Steam reforming reaction activity) 

75 

The above catalysts G and H were filled in reaction tubes and reduction was performed. Then, 
evaluation test by continuous reaction was performed under the following conditions: 

- Raw material; 

Light naphtha (specific gravity 0.69; C/H weight ratio 5.38; sulfur component 60 ppb) 
20 - Steam/carbon (S/C) mol ratio; 
3.0 

- Reaction temperature; 

800* C (at reaction tube outlet) 

- Reaction pressure; 
25 4 kg/cm 2 G 

- Material supply spatial velocity (GHSV); 
2,500 h~ 1 

The results of the test are summarized in the table below: 





Catalyst G 


Catalyst H 


Yttria content (mol %) 


3 


8 


Test time (hr.) 


500 


320 


Decrease of catalyst activity 


None *) 


None *) 


Pressure increase 


None 


increasing 


Catalyst shape 


No change 


Partly pulverized 


Coking 


None 


None 


*) No unreacted gas was found in the produced gas. 



Because the pressure began to increase in the catalyst H, the test was terminated after 320 hours. 



(Embodiment 6) 

In the same procedure as in the above embodiment 5, zirconia carrier with 0 mol %, 3 mol % and 8 
mol % yttria content with the shape of 15 mm outer diameter, 6 mm inner diameter and 9 mm height were 
prepared, and ruthenium was supported on surface layer by 0.5 wt % respectively as in the embodiment 4. 
Thus, the catalysts f, g and h were prepared. 

Side crushing strength was measured on 20 samples of the above three types of catalysts of f, g and h, 
using Kiya type strength test. Average values obtained from test results were as follows: 
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Yttria 
content 


Strength 


(moi %) 


(kg/mm) 


Catalyst f 


0 


0.6 


Catalyst g 


3 


3.1 


Catalyst h 


8 


1.5 



(Embodiment 7) 

The catalyst C of this invention prepared in the embodiment 4 was pulverized into the pieces of 8 - 16 
mesh and 5 g of it was weighed. After immersing it in 70 g of the molten carbonate at 650 C (L/K - 
62/38). elution quantity of the catalyst component after 2. 4 and 7 days was measured. 

As the result, it was found that zirconia is not eluted almost at all. and yttrium was slightly eluted. i.e. 
20 about 20 ppm on 7th day. and ruthenium was not detected. 

This reveals that the catalyst of this invention is stable to the moiten carbonate. 



Claims 



25 



(1) A steam reforming catalyst for hydrocarbon, characterized in that catalyst metal is supported on zirconia 
carrier containing yttria and having crystal structure primarily consisting of tetragonal system or tetranogal 

and cubic systems. _ _ . . . 

(2) A steam reforming catalyst for hydrocarbon according to Claim 1. wherein sa.d catalyst metal is 
30 rhodium, ruthenium, palladium, platinum or alloy of these substances. 

(3) A steam reforming catalyst for hydrocarbon according to Claim 1, wherein said catalyst metal 
component is supported on surface layer of zirconia carrier. 

(4) A steam reforming catalyst for hydrocarbon according to Claim 1, where.n yttria content in said zirconia 

carrier is 0.5 to 12 moi %. , 
35 (5) A steam reforming catalyst for hydrocarbon according to Claim 1, wherein tetragonal system occupies 
35% or more in the crystal composition of said zirconia carrier. 

(6) A steam reforming catalyst for hydrocarbon according to Claim 1. wherein said steam reforming catalyst 
for hydrocarbon is provided in fuel cell and is used to generate cell fuel by reforming hydrocarbon. 

(7) A method for manufacturing steam reforming catalyst for hydrocarbon, characterized in that catalyst 
40 metal component is supported on zirconia carrier containing yttria and having crystal structure primarily 

consisting of tetragonal system or tetragonal and cubic systems, that solution dissolving catalyst meta salt 
in at least one type of organic solvent is impregnated in said zirconia carrier, and that catalyst metal is 
supported on surface layer of zirconia carrier. 

(8) A method for manufacturing steam reforming catalyst for hydrocarbon accord.ng to Clam 7, where.n 
45 said organic solvent is ketone, alcohol, fatty acid ester or ether. 

Amended claims in accordance with Rule 86(2) EPC. 

1 A steam reforming catalyst for hydrocarbons, characterized in that a catalyst metal is supported on a 
so zirconia carrier containing yttria and having a crystal structure primarily consisting of the tetragonal system 
or tetragonal and cubic systems. • 

2. A catalyst according to Claim 1, wherein said catalyst metal is rhodium, ruthenium, palladium, platinum or 

an alloy of any of these substances. 

3. A catalyst according to Claim 1 or 2. wherein said catalyst metal component is supported on surface 
55 layer of zirconia carrier. . , 

4. A catalyst according to Claim 1. 2 or 3. wherein the yttria content in sa.d zircon.a carrier is 0.5 to 12 moi 

5! A catalyst according to any preceding claim, wherein the tetragonal system occupies 35% or more of the 
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crystal composition of said zirconia carrier. 

6. A catalyst according to any preceding claim, wherein said steam reforming catalyst for hydrocarbons is 
provided in a fuel cell and is used to power th cell fuel by reforming of hydrocarbons. 

7. A method for manufacturing a steam reforming catalyst for hydrocarbons, characterized in that a catalyst 
s metal component is supported on a zirconia carrier containing yttria and having a crystal structure primarily 

consisting of the tetragonal system or tetragonal and cubic systems, that a solution dissolving a catalyst 
metal salt in at least one type of organic solvent is impregnated in said zirconia carrier, and that a catalyst 
metal is supported on surface layer of zirconia carrier. 

8. A method according to Claim 7, wherein said organic solvent is a ketone, alcohol, fatty acid ester or 
to ether. 
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FIG. 1 
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